Introduction
Large-scale agriculture is the main cause of deforestation in the Amazônia Neill et al., 2013) . One of the most deforested regions in Brazil is the agricultural frontier in Southern Amazon. This region is known as the "Arc of Deforestation" (Nogueira et al., 2007 due to extensive changes in natural landscapes due to agricultural expansion.
This environmental homogenization decreases biodiversity (Fischer and Lindenmayer, 2007) . Alterations usually begin with changes in land use and removal of riparian vegetation, resulting in the channel structure of water courses (Allan, 2004; Bacellar, 2005) . All these changes increase sedimentation and change the hydrological cycle, decreasing water quality (Callisto et al., 2001) .
The removal of riparian vegetation in tropical environments has a negative effect on aquatic macroinvertebrates, due to increased sunlight incidence, eutrophication, decrease of both substrate and resource availability (Bojsen and Jacobsen, 2003; Bispo et al., 2006) . Thus, understanding how aquatic insect communities respond to environmental changes becomes a fundamental tool for monitoring water quality and assessing the integrity of aquatic ecosystems (Bonada et al., 2006; Lammert and Allan, 1999) .
Dragonflies are well-known indicators of changes in aquatic ecosystems, often used to detect loss of environmental integrity (Watson et al., 1982; Carvalho et al., 2013; Monteiro-Júnior et al., 2013) . Habitat heterogeneity is a good predictor of the abundance and richness of dragonflies (Chovanec, 1994) , so that environmental homogenization might have deep impacts on community structure (Ligeiro et al., 2013) .
The headwaters of the Rio Xingu river are located in eastern Mato Grosso State in central Brazil. However, wild areas of this region have been continuously used to agricultural activities (Brannstrom et al., 2008) . Such environmental changes may have strong impacts on the water quality of this large river (Sanchez et al., 2012) . Several studies have evaluated the consequences of these alterations in aquatic systems (e.g., Dias-Silva et al., 2010; Shimano et al., 2010; Silva et al., 2010; Souza et al., 2011; Pereira et al., 2012; Brasil et al., 2013; Carvalho et al., 2013) . However, further studies are needed to understand and track the effects of environmental changes on biodiversity.
Given the intense conversion of native vegetation into agricultural landscapes, and the need to understand the consequences of these disturbances on insects, we analyzed how the loss of environmental integrity affects adult dragonfly species composition and which environmental variables most influence community structure. We tested the hypothesis that the loss of environmental integrity will change the relative abundance of specialists and generalists in adult dragonfly communities, due to partial or total species turnover driven by environmental alteration.
Material and Methods

Studied area
We sampled nine sites in tributary streams of the Rio Tanguro, in the Rio Xingu Basin, Querência municipality, Mato Grosso State, southern Brazilian Amazonia, in September 2012 (Figure 1 ). This region is an agricultural frontier known as the "arc of deforestation" (Corrêa, 2002) , mixing Cerrado and Amazonia Domains. All streams sampled are surrounded by a matrix of soybean crops. The climate is classified as Aw in the Köppen system (Peel et al., 2007) , seasonal tropical with two distinct seasons: a dry season from May to October and a rainy season from November to April. The annual rainfall in 2012 was 1,564 mm and the mean monthly temperature was 25.2 °C (Information Environmental Research Institute of Amazonia -IPAM).
Sampling design
We sampled adult damselflies in three headwater streams using a 60 centimeter-diameter entomological aerial net. We established three transects (100-m linear) on the right margin of each stream, totaling nine transects ( Figure 1 ). Each transect was divided into 20 segments of 5 m, with a sampling effort of 1.66 meter/min on average (Marco Junior, 1998; Ferreira-Peruquetti and Marco Junior, 2002) . Samplings were conducted during peak of activity of dragonflies between 11h30 and 14h00 (Corbet, 1999) .
Specimens were identified comparing with the figures presented in Lencioni (2005 Lencioni ( , 2006 and Garrison et al. (2010) , and additional consult to specialists. When identification to the species level was not possible, specimens were assigned only to generic level. All specimens are housed at the "Coleção Zoobotânica James Alexander Ratter", of the University of the State of Mato Grosso, Nova Xavantina municipality, Mato Grosso State, Brazil (CZNX).
Habitat integrity
We used the Habitat Integrity Index (HII; Nessimian et al., 2008) to quantify conservation status of the sampled streams. This index combines the measurement of 12 environmental characteristics, namely: (1) land use pattern adjacent to the riparian vegetation, (2) the width and (3) integrity of riparian vegetation, (4) the state of riparian vegetation in a range of 10 m, (5) presence of retention devices, (6) channel Figure 1 . Location of studied streams in southern Amazonia, Querência municipality, Mato Grosso State, Brazil. Environmental integrity and damselfly species composition… sediment, (7) bank structure (8), and undercutting, (9) status of the stream bed, (10) riffles, pools, or meanders, (11) presence of aquatic vegetation in stream bed (12) presence of detritus in the channel. Furthermore, (13) riparian vegetation continuous or fragmented, which is a peculiar characteristic of our sampling sites was also included in our analysis.
Each item was composed of four to six alternatives ordered in relation to perceived aspects of habitat integrity. The final index is the mean value for the total sampled habitat characteristics. These transformations produce an index that vary between 0 and 1 and that is directly related to the integrity of habitat conditions, the more intact a site the closer to 1 the HII (Nessimian et al., 2008) . This index has been shown to be a good predictor of aquatic insect species composition in tropical streams under high anthropogenic pressure (e.g., Dias-Silva et al., 2010; Silva et al., 2010; Souza et al., 2010 Souza et al., , 2011 Juen and Marco Junior, 2011; Pereira et al., 2012; Pinto et al., 2012; Carvalho et al., 2013; Brasil et al., 2013; Monteiro-Júnior et al., 2014) .
Data analysis
A Principal Coordinates Analysis (PCoA) was used to analyze the similarity in species composition throughout transects, based on BrayCurtis dissimilarity index (Clarke, 1993) . Data on species abundance were previously log transformed (Legendre and Legendre, 2012) . A randomization procedure (999) was used to test the significance of each eigenvector (axis) to be retained for further analyses of ordenation (PCoA). Then, a simple linear regression (Zar, 2010) was used to test the relationship between HII of each transect and the PCoA 1.
Additionally, the BioEnv approach was used to find which environmental characteristics were more correlated with species composition (Melo 2009 ). This method finds the subset of variables that have the highest correlation with the species dissimilarity matrix (Clarke and Ainsworth, 1993) . This analysis was run using the R package vegan (R Development Core Team 2012).
Results
We collected 104 specimens from 17 species. The most abundant species were Epipleoneura williamsoni Santos, 1957 (n = 41; 39.42% of total), followed by Epipleoneura metallica Rácenis, 1955 (n = 20; 19 .23%) ( Table 1) . Epipleoneura williamsoni was the most abundant species in the most preserved transect (HII = 0.76) The PCoA 1 explained 45% of the variation in species composition and separated the preserved transects in right and the most altered ones in the left (Figure 2) .
The HII showed a positive relationship with PCoA 1 (R 2 = 0.495, p <0.034; Figure 3 ). Furthermore, the subset of environmental variables best correlated (r = 0.52) with community similarity included: width of riparian vegetation, bank undercutting and presence of detritus in the channel, however, individually bank undercutting was the variable that best relates with the fauna (Table 2) .
Discussion
Habitat integrity had a positive effect on species composition, demonstrating the importance of conserving these habitats for maintaining damselflies species composition in small streams that are under anthropogenic pressure. Besides capturing overall habitat quality, the HII also is useful to understand the influence of environmental on biodiversity, since environmentally degraded sites are less diverse due to the removal of riparian vegetation or channel homogenization through siltation, deposition of debris, or stream bank excavations (Nessimian et al., 2008) . Thus, it seems that environmental homogenization is the main driver of changes in species composition. Environmental heterogeneity strongly influences the distribution of aquatic organisms (Popielarz and Neal, 2007) , since it promotes species coexistence through niche partitioning (Holzman et al., 2011; Heino and Grönroos, 2013) . Thus, environmental homogenization can cause a decline in diversity and the replacement of specialist by generalist species (Popielarz and Neal, 2007) . Since habitat integrity may be a surrogate for the amount of energy available in the system, allowing the stable coexistence of species in one site (Wright, 1983) .
Changes in damselflies community structure are usually related to the decrease in habitat integrity (e.g., Muller et al., 2003; Silva et al. 2010; Pinto et al. 2012; Carvalho et al. 2013; Monteiro-Junior et al., 2013) . Our results show that the conservation and restoration of areas in a region known as the "arc of deforestation" southern Amazon (Corrêa, 2002 ; Fearnside , 2005) is crucial for the maintenance of species diversity of damselflies in the future. The subset of variables best correlated with community dissimilarity is mainly related to channel morphology (bank undercutting and presence of detritus in the channel). These variables are key to damselflies, since they are predatory organisms and the majority of species are territorials (Corbet and May, 2008; Pinto et al., 2013) . Thus, changes in these variables can reduce microhabitat complexity and habitat patch availability, influencing the competition for space to forage near water surface, since adults mainly use visual cues to evaluate habitat quality for breeding, and tactile cues for habitat selection for oviposition (Bernáth et al., 2002) . In addition, changes in those variables are key not only for the establishment of damselflies larvae, but also their prey (e.g., Ephemeroptera, Plecoptera, and Thichoptera) that are widely known to be sensitive to environmental changes in streams (Pereira et al., 2012; Brasil et al., 2013; Ligeiro et al., 2013; Suga and Tanaka, 2013; Wahl et al., 2013) . Thus, the decrease in their prey in the most altered sites may indirectly influence the community composition of dragonflies (Peckarsky, 1980; Crowley and Johnson, 1992) . Accordingly, our results suggest that damselflies diversity is controlled by bottom-up forces (Begon et al., 2007) , which is commonly reported for aquatic environments (McQueen et al., 1989; Wesner, 2010) .
Besides the channel morphology, the width of the riparian zone was also highly correlated with species composition. The total or partial removal of the riparian zone changes the microclimate of streams by creating patches of unshaded areas that have a higher light incidence. The random distribution of these patches along streams may change species composition, since species preferentially inhabit patches with better conditions for their development (Thorp et al., 2006) .
Previous studies have reported that changes in the riparian zone affect odonates. For example, there is a decrease in the richness of zygopterans but an increase of anisopterans, therefore changing species composition in altered environments (Carvalho et al., 2013; Monteiro-Júnior et al. 2013 , 2014 .
Since our sampling sites are surrounded by a matrix of soybean crops, our results provide key local scale information about the influence of environmental changes on damselflies community structure in a region densely altered by extensive agricultural activities in the Amazon. Therefore, our results may be useful to inform future management and environmental monitoring plans.
Conclusions
The decrease in environmental integrity significant influenced damselflies species composition. Variables related to stream channel structure and preservation riparian forest were the best correlates of community dissimilarity. Our results showed that the homogenization resulting from loss of environmental integrity negatively influences damselflies community structure in streams in an area under strong anthropogenic pressure.
